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VALVE ARRANGEMENT FOR USE WITH A
HYDRAULIC ACCUMULATOR

BACKGROUND OF THE INVENTION

(a) Field of the Invention
The invention relates to valve arrangements for con-
nection of a hydraulic accumulator with a hydraulic

machine such as a hydraulic pump or motor.

(b) Prior Art

Constructions are known in which a hydraulic ma-
chine able to be selectively operated as a pump converts
surplus kinetic energy into potential energy by charging
a high pressure or low pressure accumulator. This po-
tential energy may then be utilized when required, for
example, by driving the hydraulic machine as a motor.

Between the hydraulic machine and the pressure
accumulator there is a shutoff valve which has to be
completely leak-proof in order to ensure that there is no
chance at any time of the hydraulic machine being acted
upon by the pressure and thus caused to run, especially
in the case of a positive displacement machine, since
then such a leaking shutoff valve would cause such an
accumulation of pressure in the course of time that the
machine would be put into operation.

In the prior art such a shutoff valve has always been
a hand-operated shutoff valve which was opened and
shut when the need arose. |

Such a hand-operated shutoff valve only makes a
relatively coarse control possible, especially since every
opening and closing operation 1s slow.

If such a pressure accumulator is mounted on a vehi-
cle and it is to be used for operation of the vehicle, the

‘use of such a hand-operated shutoff valve is quite out of
the question, since its operation would be too much of a

distraction for the driver.
In order to make possible an even more efficient use

- of the excess energy in a stationary plant or in a vehicle,
especially when there has to be a frequent change in the
mode of operation, it is necessary to integrate the shut-
off valve in an automatic or other control system so that
it is no longer controlled by hand but rather by control
signals. As has been shown by tests undertaken by the
assignee, the coupling of an actuator with a conven-
tional shutoff valve does not lead to satisfactory resuits
since the actuating force is excessive or the shutoff
valve is too slow to switch from one setting to the other.

Since during operation, pressure in excess of 400 bar
may occur at the shutoff valve, it 1s not possible to
employ a conventional remote controlled spool valve,
since it would not be sufficiently leak-proof and further-
more, dependent on the particular type, very high
forces might be produced by it and then act on the

actuator.

SUMMARY OF THE INVENTION

In view of this prior art, one object of the present
invention is to so improve a valve arrangement of con-
ventional design as noted that it may be operated by a
control signal without impairing operational safety and
reliablity.

A further object of the invention 1s to make it possible
for the valve to rapidly respond to such a control signal.

In order to achieve these or other objects, the ar-
rangement in accordance with the invention comprises
a leak-free shutoff valve having one port connected
with the pressure accumulator and another port con-
nected with a hydraulic machine such as a pump, a
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safety valve which opens on reaching a permissible
maximum pressure and which 1s connected to the pres-
sure accumulator and a tank. The shutoff valve has-an
actuator piston moving in a leak-proof manner in a
cylinder so that it may be operated by an actuating
pressure and 1t also has a valve member able to be
pressed against a valve seat when the piston 1s acted
upon by the activating pressure. There 1s furthermore a
shuttle valve which 1s so connected by a respective
control line with each of the two ports of the shutoff
valve and a supply line leading to the cylinder so that
the supply line is connected with that one of the two
ports at which the higher pressure prevails. Further-
more, there 1s a leak-proof remote-controlled control
valve in the supply line leading to the cylinder. When
operated, the leak-proof control valve interrupts the
connection between the shuitle valve and the cylinder
and opens up a connection between the cylinder and the
tank.

In this respect, the principle is that 1t 1s not a shutoff
valve arranged in a power line that is directly operated,
but rather a hydraulic control circuit is operated by
means of a leak-free control valve (which may be oper-
ated by a comparatively small force) and the control
circuit in turn supplies the actuating force necessary for
operation of the shutoff valve.

In keeping with the invention, the shutoff valve has
an actuating cylinder with an actuator piston sliding
therein: This actuator piston carries a valve member
which may engage a valve seat with a sealing effect

which is perfectly free of leakage even at a very high
pressure differential across it providing that there is a

sufficiently high back pressure acting on the actuator
piston, for the pressures acting on the two sides of the

valve seat tend to displace the actuator piston so that
the valve member is moved clear of the valve seat.

In order to provide a sufficiently high control pres-
sure at all times, 1n accordance with the invention, the
two outlet ports of the novel shutoff valve are con-
nected with a shuttle valve on the two sides of the valve
seat, and the third port of the shuttle valve 1s connected
with the actuator cylinder of the shutoff valve. The
pressure differential operating the shuttle valve 1s equal
to the pressure differential present across the shutoff
valve, and the respectively higher pressure present
thereat is applied by the shuttle valve to the actuator
cylinder. Accordingly, the actuator piston 1s always
subject to a pressure which is sufficient to press the
valve member firmly on the valve seat.

The actuator piston is filled in the actuator cylinder
so as to be free of leaks; however, in accordance with a
preferred form of the invention, the port of the shutoff
valve, which is separated from the interior of the actua-
tor cylinder by the actuator piston only, 1s connected
with the pressure accumulator; as long as the shutoff
valve is closed, that is to say especially during times 1n
which the valve arrangement in accordance with the
invention 1s not being used, no pressure differential will
occur across the actuator piston so that the shutoff
valve will be kept in a leak-proof shut condition indefi-
nitely, as has been the case with hand-operated shutoff
valves heretofore in use.

For opening the shutoff valve, there is a remote con-
trolled valve placed between the actuator cylinder of
the shutoff valve and the shuttle valve. In its neutral or
inactive setting, the remote controlled valve produces a
connection between the shuttle valve and the actuator
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cylinder, whereas in the operating condition it shuts off

- the passage to the shuttle valve and releases pressure
from the actuator cylinder into a tank or other vessel.

Although, as noted previously, there are the same

high pressures as in the shutoff valve, the rate of flow of 35

the hydraulic liquid to be controlled is only at a low
level, since it is only employed for operation of the

“shutoff valve. Consequently, it is possible to provide

such a valve with an actuator drive which may be oper-
ated by a control signal so that the valve is rehably

operated in a sufficiently short time. Since the valve has
a defined resting position, in which it connects the shut-

off valve actuating cylinder with the shuttle valve, 1t

‘will be seen that even if the control system fails, the

accumulator will remain shut.

In accordance with preferred further develdpments-

of the invention, there is a choke located between the

“actuator cylinder and the actuator valve and also be-
tween the latter and the tank or other vessel. This choke

ensures that there is no danger of the pressure, which as
noted above may be in excess of 400 bar, suddenly rising
to such a value that there would be a danger of damage
in the actuator valve, in the lines and in the shutoff

- valve itself.

In keeping with preferred embodiment of the inven-

'tlen, the shutoff valve is in the form of a cartridge 2/2

way valve; such a mass produced valve fulfills the
above noted requirements as regards the shutoff valve
to be used in the invention, forms a unit that may be
fitted in the as-supplied condition and may be readily

replaced by another valve of the same type, if for in-

stance safety regulations requlre the replacement of the
valve at regular intervals.

In keeping with a further development of the inven-
tion, the actuator valve is in the form of a multi-way
slide valve which preferably has a solenoid actuator.

Such a valve has a valve seat which in the neutral set-

ting of the valve hermetically shuts off its port leading
to the tank so that in this setting the servo or control

pressure transmitted via the actuator valve 1s not able to

reaeh the tank.
The actuator valve may furthermore be so de51gned

. that any pressure forces are directed so as to be perpen-

dicular to the motion of its valve member so that only
relatively small forces are required to operate the valve.
Owing to the small duct cross section needed, the valve
member of the actuator valve furthermore only has to

shift through a relatively short distance for operation so

that a solenoid is quite sufficient as an actuator for the

actuator valve. |
In accordance with a further 'preferred form of the

~invention, there is pressure measuring means with a

pressure measuring sensor fitted or able to be fitted in 1t

‘on both sides of the shutoff valve, preferably in the

respective control line leading to the shuttle valve;
these two pressure measuring means make it possible to
measure any pressure relevant for the operation and
safety of the system, so that, for instance, the supply

pressure in the liquid storing means, the supply pressure

of the hydraulic machine acting as a pump and the like
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mulator and the tank. This choke valve may be pro-

vided with an actuator motor if required and it servesto

release the pressure in the accumulator into the tank in

a safe manner, as is necessary during repairs or servicing

operations on the pressure accumulator or the valve
arrangement. It is furthermore possible to connect a
choke valve actuator with a menltermg device which is
connected with the measuring means so that if a fault
develops, the pressure accumulator will be automati-

cally emptied. |

In accordance with a further teaching of the inven-
tion, at least some of-the valves and chokes of the ar-

rangement are accommodated in a common block. It is

preferred for this block to have all the elements of the
arrangement of the invention in it. The various power
feed and control ducts of the arrangement in accor-

~ dance with the invention are thus formed by drilled

20

25

holes so that there is no danger of damage to connecting

lines.
It is an advantage if this block is ﬂange-mounted on

the pressure accumulator; it is, however, equally satis-

factory for the block to be located at any position where
there is sufficient space for it. In this respect, it is not
absolutely necessary for the block to be accessible from -
the outside as is the case with the prior art arrange-

ments.

* limiting valve therein which connects the pressure ac-

30

The block furthermore preferably has a pressure

cumulator with the tank and has the purpose of auto-
matically decreasing any excess pressure in the accumu-
lator until it is at an acceptable value. Such an excess

. pressure may, for example, be caused by mechanical
- deformation of the pressure accumulator or by the ac-
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may be ascertained. In the closed condition of the shut-

~ off valve, the pressure differential sensed has to be con-

stant and if this is not the case, this will be an indication

- of a fault. The two measuring means may be provided

-with a means which causes some form of remed1a1 ac-

" tion and/or sets off an alarm.

As part of a further preferred form of the invention,
a choke valve is connected between the pressure accu-

tion of heat. It is accordingly possible to locate the
pressure accumulator together with the valve arrange-
ment of the present invention in a vehicle even in posi-
tions where it is likely to be exposed to the rays of the
sun or other sources of heat as for example, in a position
in which it is unlikely to be damaged or burst if there is
a road accident. | |

The invention thus creates a compact ﬁttmg in the
form of a block with a safety function for use with
hydraulic accumulators with a shut-off setting, a flow-
through setting and with provision for discharging the
accumulator directly into the tank via a choke valve,
The pressure for actuation of the shutoff valve as such,
which is preferably in some suitable form of a cartridge
2/2 way valve, is tapped directly from the ports for the
accumulator or from the hydraulic unit connected
therewith, the respectively higher one of the two pres-
sures being selected in order to provide a reliable hold-
ing action. Furthermore, there are measurmg ports for
automatic, conirol or monitoring. |

Both the cartridge 2/2 way valve and also its direc-
tional valve control are absolutely fluid tight when shut
so that there is no chance of any pressure drop owning
to leakage even for extended periods of time.

Chokes are incorporated in the control ducts for
timing purposes. |

The shutoff valve fitting in the form of a block in
accordance with the invention is accordingly highly
compact and may be furthermore mounted at any suit-

~ able position in a vehicle and remote operation of the

65

valve is made possible so that the shutoff valve fitting in
the form of a block is suitable for électro-hydraulic
control systems. Moreover the simple structure leads to
a reliable function.
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BRIEF DESCRIPTION OF THE DRAWING

One embodiment of the invention will now be de-
scribed in greater detail with reference to the accompa-
nying diagrammatic drawing whose sole FIGURE
shows the novel block-like shutoff valve fitting.

DETAILED DESCRIPTION OF A SPECIFIC
EMBODIMENT OF THE INVENTION

In the drawing there is seen a block-like shutoff valve
fitting S which has three hydraulic ports, that 1s to say
the port P for connection with a hydraulic machine or
unit in the form of a pump or of a motor, a port S for
connection with a high or low pressure accumulator
and the port T for connection with a tank or other

vessel.
In the interior of the block-like shutoff valve fitting §,

there is a cartridge-type 2/2 way valve C which has an
actuator cylinder 6 in which there 1s a movable actuator
piston 9 making in sealing engagement with the cylin-
der. On its side remote from the pressure space of the
actuator cylinder 6, the piston 9 1s provided with a
valve member 10 which in its terminal position shown
in the FIGURE is adapted to engage a valve seat 11 in
completely leak-proof manner.

In the interior of the valve C, the valve seat 11 sepa-
rates a first space 7 with a port B adjacent to the actua-
tor piston 9 from a second space 8 with a port A. The
port B is connected via a power duct 3 with the accu-
mulator port S, whereas the port A 1s connected via a
power line 4 with the port P for the hydraulic unit. It 1s
preferred to provide a spring in the valve C which acts
on the actuator piston 9 and accordingly also urges the
valve member 10 towards the valve seat 11.

The power line 4 is connected via a control line 1
with the input port of shuttle valve WV, whose other
input port is connected via a control line 2 with the
power line 3. The two control lines 1 and 2 and there-

fore also the respective power lines 4 and 3 are provided
with a measuring port M’ and, respectively, M"” with
respective pressure sensors.

The output port of the shuttle valve WV is connected
via a further control line 20 with the actuator cylinder
6 of the valve C.

The shuttle valve WV includes a valve member,
which shuts off that one of the two ports of the valve
WYV when the pressure 1s lower than at the other port so
that the actuator cylinder 6 is always able to be con-
nected with that power line 3 or 4 in which there is the
‘higher pressure at a given time. Therefore steps are
taken all the time to ensure that if the actuator cylinder
6 1s under pressure, the pressure will be so high that the
valve member 10 of the valve C will be kept engaged
with the valve seat 11 with a sealing action.

In the control line 20 there is a directional slide valve
W, illustrated in its neutral or inactive setting and from
which it may be moved by the operation of a solenoid
12 acting against the force of a spring 13.

In the neutral position, the directional valve W con-
nects the two branches of control line 20 with each
other, between which the directional valve W 1s placed.

At the same time, a relief line 21 is shut off by an abso-
lutely fluid-tight valve seat seal. The relief line 21 con-

nects the directional valve W with the port T for the

tank.
If now the solenoid 12 1s caused to operate the direc-

tional valve W against the action of the spring 13 and
move the valve into its working position, that branch of
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the control line 20, which leads to the shutoff valve C,
1s connected with the relief line 20, whereas the branch
20 of the control line 1s sealed off. In this case, the actua-
tor cylinder 6 1s emptied via the port T and i1s therefore
no longer under pressure so that the actuator piston 9 of
the valve C is only subject to the pressure prevailing in
its Interior spaces 7 and 8 and the actuator piston 9 is
moved upwards (in the figure) so that the valve member
10 1s shifted away from the valve seat 11 with the result
that the internal spaces 7 and 8 and accordingly the
ports B and A of the valve are connected with each
other and it 1s possible for hydraulic power fluid to
travel between the ports S and P via the power lines 3
and 4 without any obstruction.

Between the shutoff valve C and the directional valve
W there 1s a first choke DR’ and between it and the tank
port T there is a second choke DR" in the line 21. These
two chokes are intended to prevent abrupt pressure
drops 1n the actuator cylinder 6 of the shutoff valve C

while on the other hand making possible a rapid open-
ing of the shutoff valve C with a set speed, i.e. within a

certain time.

The features of the arrangement so far described are
sufficient for enabling it to function, even if the pressure
measuring ports M’ and M” are omitted. However, it is
preferred for the block-like shutoff valve fitting to have
a further pressure limiting valve DB, which connects
the power line 3 with the relief line 21 and thus joins the
ports S and T with each other. This pressure limiting
valve DB serves to neutralize any increases in pressure
due to outside influences (as for example an increase in
temperature, deformation etc.) as may be liable to occur
if there is a vehicle collision. If the increase in pressure
in the pressure accumulator due to an external agency 1s
not able to assume a critical value, the valve DB may be
omitted.

Connected in parallel to the valve DB 1s a choke
valve D which may be opened to connect the power

line 3 with the rehief line 21 and thus connect the port S
for the pressure accumulator with the port T for the
tank. It is thus possible to release fluid from the pressure
accumulator by opening the choke valve D and thus
render the accumulator pressureless. This 1s, for exam-
ple, necessary if repairs are due or if the hydraulic oil is
to be changed.

The choke valve D may be provided with a remote
control system and coupled with a monitoring device or
with a sensor. It is thus possible to couple the choke
valve D with a cover of the arrangement so that on
opening the cover, the pressure accumulator will be
depressurized for safety reasons. It is also possible to
connect the choke valve D with a readily accessible
handle so that the pressure accumulator may be depres-
surized if there is a collision.

The functions of the block with a safety or shutoff
valve action are as follows:

1. In the neutral setting shown in the figure the valve

D is closed

2. When the valve W 1s operated, the valve C will

open. -

3. Any increase in pressure due to external effects is

discharged via the valve DB.
4. It 1s possible for the pressure accumulator to be

caused to discharge into the tank by opening the
valve D. _
5. The cartridge valve element C is acted upon by the
higher of the two pressures at the ports A and B.
What is claimed is:
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1. A valve arrangement for connection of a hydraulic

pressure accumulator with a hydraulic machine and a
reservoir tank, said valve arrangement comprising:

a leak-free shutoff valve having one port connected
to a pressure accumulator and a second port con-
nected to a hydraulic machine, |

said shutoff valve including:
an actuator cylinder and an actuator piston slidably

movable in leak-proof manner in said cylinder by
a control pressure and a valve member on said
piston pressed against a valve seat of said shutoft
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- valve when the piston 1s acted upon by the con-

trol pressure,
a shuttle valve including control lines connecting the
shuttle valve with each of the two ports of the
shutoff valve and connecting the shuttle valve with
a supply line for communicating said control pres-
“sure to said actuator cylinder, said shuttle valve

including a displaceable valve member which ,

moves in response to the control pressure at the

two ports of said shuttle valve to connect said_

supply line with that one of the two ports which is
at the higher control pressure than at said other
port, and a leak-proof remote-controlled actuator
valve in said supply line in one operative position
for controlling the control pressure from said shut-
tle valve to said actuator piston for c]osmg the

shutoff valve , and
said remote-controlled valve being constructed to

~assume another operative position in which it

~ interrupts and by passes the connection between

~ the shuttle valve and the cylinder to allow the

- control pressure to exhaust through said remote-
controlled valve which opens a relief connectlon
between the cylinder and the tank.
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2. The valve arrangement as claimed in claim 1 fur-

ther comprising a safety valve connected between the

pressure accumulator and the tank and having an open
state to provide communication between the pressure
accumulator and the tank when the pressure applied to

the safety valve reaches a predeterrmned maximum

value. |
3. The valve arrangement as claimed in clmm 1 com-

prising a choke arranged in the line between the actua-
tor valve and the actuator cylinder.
4. The valve arrangement as claimed in claim 3 com-

prising a second choke between the actuator valve and

the tank.

5. The valve arran gement as clalmed i clam 1
wherein said shutoff valve is a catridge 2/2 way valve.

6. The valve arrangement as claimed in claim 1
wherein said actuator valve is an electrically operated
directional slide valve. . ' :

7. The valve arrangement as claimed in claim 1 com-
prising means defining pressure measuring points
adapted for connection to a respective pressure sensor
at each of the two ports of the shutoff valve. o

8. The valve arrangement as claimed in claim 1 com-
prising a choke valve between the pressure accumulator
and the tank. | | |

9. The valve arrangement as claimed in claim 1 com-
prising a housing block in which at least some of the
valves are accommodated.

10. The valve arrangement as clalmed in claim 9
comprising at least one choice in at least one of said

lines which is additionally accommodated in said biock.

11. The valve arrangement as claimed in claim 10
comprising a safety valve between said accumulator
and said tank for operation as a pressure limiting valve

in said block.
« % % %k k
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